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RNi? AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 "b2/ M/ AMi2HHB;2Mi AM7Q`KiBQM M/
1M;BM22`BM; avbi2Kb
:2M2`HBxBM; >B2``+?B+H ai`m+im`2 Q7 AM/B+2b
7Q` CTM2b2 G2;H .Q+mK2Mib
h?Q h?B L;Q+ G2∗- JBM? G2 L;mv2M- FB` a?BKxm
a+?QQH Q7 AM7Q`KiBQM a+B2M+2- CTM /pM+2/ AMbiBimi2 Q7 a+B2M+2 M/ h2+?MQHQ;v
R@R b?B/B- LQKB- Ab?BFr- Nkj@RkRR- CTM
#bi`+i
h?2 B/2 Q7 ?B2``+?B+H BM/2t Bb TTHB2/ iQ i?2 H2;H /QKBM iQ T`QpB/2 i?2 `2/2`b  ;2M2`H mM/2`biM/BM; Q7
H2;H +QM+2Tib pB i?2B` bmT2`fbm#@Q`/BMi2 `2HiBQMbX h?Bb rQ`F b2`p2b b 2zQ`i BM miQKiB+ H2;H QMiQHQ;v H2`MBM;
BM r?B+? bmT2`fbm#@Q`/BMi2 `2HiBQMb `2 +QMbB/2`2/X AM/B+2b `2 2ti`+i2/ 7`QK H2;H /Q+mK2Mib b F2vrQ`/b M/
i?2B` `2HiBQMb?BTb `2 /Bb+Qp2`2/ #v HM;m;2 T`Q+2bbBM; K2i?Q/X q2 T`QTQb2 M TT`Q+? iQ 2ti`+i i?2 bmT2`fbm#@
Q`/BMi2 `2HiBQM #2ir22M 2+? TB` Q7 +QM+2Tib BM/BpB/mHHv #b2/ QM /B`2+iBQMH bBKBH`BivX h?2 `2HiBQMb KQM; 
b2i Q7 H2;H BM/B+2b `2 `2T`2b2Mi2/ BM  /B`2+i2/ ;`T? M/ i?2 ?B2``+?B+H bi`m+im`2 Q7 BM/B+2b Bb bBKTHv 2tTQ`i2/
7`QK i?Bb ;`T?X q2 /QTi i?Bb T`QTQbH iQ i?2 CTM2b2 LiBQMH S2MbBQM +i /Q+mK2MiX h?2 `2bmHi2/ ?B2``+?B+H
bi`m+im`2 Bb +QKT`2/ iQ M MMQii2/ H2;H QMiQHQ;v QM i?2 MmK#2` Q7 +Q``2+i `2HiBQMbX h?2 T`QTQb2/ K2i?Q/
+?B2p2b 9yXeW 7Q` T`2+BbBQM- 9eXNW 7Q` `2+HH M/ 9jX8W 7Q` 6@K2bm`2 b i?2 T2`7Q`KM+2X
Ü kyR8 h?2 mi?Q`bX Sm#HBb?2/ #v 1Hb2pB2` "XoX
S22`@`2pB2r mM/2` `2bTQMbB#BHBiv Q7 E1a AMi2`MiBQMHX
E2vrQ`/b, H2;H 2M;BM22`BM;c ?B2``+?B+H BM/2tc H2;H QMiQHQ;vc /B`2+iBQMH bBKBH`Bivc CTM2b2 H2;H /Q+mK2Mibc
RX AMi`Q/m+iBQM
h?2 bvbi2K Q7 H2;H /Q+mK2Mib THvb M BKTQ`iMi `QH2 BM HH +QmMi`B2b M/ Q`;MBxiBQMb BM `mHBM; i?2
bQ+B2ivX G2;H /Q+mK2Mib BM+Hm/2, BV i?2 /Q+mK2Mib bm+? b +QMbiBimiBQM- Hrb- `mH2b- +Q/2b- Q`/BMM+2b
Q` +ib- r?B+? `2 T`QKmH;i2/ #v i?2 ;Qp2`MK2Mi Q` i?2 /KBMBbi`iBp2 Q`;MBxiBQMbc BBV i?2 /Q+mK2Mib
`2+Q`/BM; H2;H +iBpBiB2b bm+? b +QM;`2bb2b Q` +Qm`ibc BBBV i?2 +BpBH /Q+mK2Mib bm+? b +QMi`+ib- ;`22K2Mib
Q` rBHHb- r?B+? `2 Q{+BHHv +QKTQb2/ #v Hrv2`bX h?2 b+QT2 Q7 i?Bb rQ`F +QMbB/2`b QMHv H2;H /Q+mK2Mib
r?B+? `2 Tm#HBb?2/ #v i?2 ;Qp2`MK2Mi Q` /KBMBbi`iBp2 Q`;MBxiBQMbX :2M2`HHv- i?2 bvbi2K Q7 H2;H
/Q+mK2Mib ?b i?`22 KBM +?`+i2`BbiB+b,
∗ *Q``2bTQM/BM; mi?Q`X
1@KBH //`2bb, i?QXH2!DBbiX+XDT- HiMi?QRNyN!;KBHX+QK
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U#V >B2``+?B+H BM/2t Q7 +QM+2Ti S2`BQ/X
6B;X R, 1tKTH2b Q7 ?B2``+?B+H BM/2t 7Q` H2;H +QM+2Tib 7`QK i?2 CTM2b2 LiBQMH S2MbBQM +iX
UBV h?2 bvbi2K Q7 H2;H /Q+mK2Mib BM+Hm/2b  pbi MmK#2` Q7 /Q+mK2Mib iQ /2b+`B#2/ bi`m+im`2b M/
T`Q+2/m`2b BM bT2+B}+ /QKBMb Q7 Qm` bQ+B2ivX
UBBV G2;H /Q+mK2Mib `2 7`2[m2MiHv mT/i2/ iQ F22T mT rBi? i?2 +?M;2b Q7 Qm` bQ+B2ivX
UBBBV 1+? H2;H /Q+mK2Mi Bb +QKTQb2/ #v HQM; +QKTHB+i2/ b2Mi2M+2b r?B+? /2b+`B#2 ?Qr i?BM;b rQ`F-
`2HvBM; mTQM Qi?2` T`ib BM i?2 bK2 /Q+mK2Mi M/ Qi?2` /Q+mK2MibX
.m2 iQ i?2 BM7Q`KiBQM HQ/ M/ i?2 +QKTH2tBiv Q7 i?2B` +QMi2Mi- KM;BM; M/ mM/2`biM/BM; i?2 H2;H
/Q+mK2Mib `2 /B{+mHi 7Q` #Qi? MQ`KH +BiBx2Mb M/ H2;BbHiQ`bX 6Q` i?Bb `2bQM- r2 BK iQ bmTTQ`i i?2K BM
`2/BM; M/ mM/2`biM/BM; i?2b2 H2;H /Q+mK2Mib #v T`QpB/BM;  #`B2~v bi`m+im`2/ `2T`2b2MiiBQM Q7 i?2 H2;H
+QM+2TibX h?Bb rQ`F +QMi`B#mi2b iQ i?2 `2b2`+? }2H/ Q7 G2;H 1M;BM22`BM;d r?B+? 7Q+mb2b QM K2i?Q/QHQ;v
iQ KF2- MHvx2 M/ KBMiBM H2;H /Q+mK2Mib b r2HH b K2i?Q/QHQ;v iQ /2p2HQT Hr@#b2/ BM7Q`KiBQM
bvbi2KbX
h?Bb bim/v //`2bb2b i?2 T`Q#H2K Q7 `2T`2b2MiBM; `2HiBQMb KQM; H2;H +QM+2Tib- bT2+B}+HHv- bmT2`@
Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb KQM; ;2M2`H +QM+2Tib M/ bT2+B}+ +QM+2Tib `2 +QMbB/2`2/X q2 #Q``Qr
i?2 B/2 Q7 i?2 ?B2``+?B+H BM/2t Q7  #QQF iQ `2T`2b2Mi i?2 H2;H +QM+2Tib ?B2``+?B+HHvX h?2 ?B2``+?B+H
BM/2t Q7 H2;H /Q+mK2Mib Bb  i`22 pB2r bi`m+im`2 `2T`2b2MiBM; i?2 bmT2`fbm#@Q`/BMi2 `2HiBQMb KQM; i?2
H2;H +QM+2Tib- BM r?B+? i?2 H2;H +QM+2Tib Q7 BM/B+2b i HQr2` H2p2Hb `2 KQ`2 /2iBH2/ i?M i?2 +QM+2Tib
Q7 BM/B+2b i ?B;?2` H2p2HbX 6B;m`2 R BHHmbi`i2b irQ 2tKTH2b Q7 ?B2``+?B+H BM/2t 7Q` bQK2 H2;H +QM+2Tib
7`QK i?2 CTM2b2 LiBQMH S2MbBQM +iX AM i?2b2 ?B2``+?B2b- i?2 +QM+2Tib BM HQr2` H2p2Hb `2 KQ`2 bT2+B}+
i?M i?Qb2 BM ?B;?2` H2p2Hb BM K2MBM;X aT2+B}+HHv- i?2 ?B2``+?v BM 6B;m`2 R 2tT`2bb2b i?2 bmT2`@Q`/BMi2
`2HiBQMb Q7 i?2 BM/2tಖ㝤ᩱ UBMbm`M+2 T`2KBmKV iQ Bib /2b+2M/Mibಖ㝤ᩱ⣡௜῭ᮇ㛫 UBMbm`M+2 T`2KBmK
TvK2Mi T2`BQ/V- ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V M/ಖ㝤ᩱ⋡ UBMbm`M+2 T`2KBmK
`i2Vc BM im`M- BM/2t ಖ㝤ᩱ⋡ UBMbm`M+2 T`2KBmK `i2V /2b+2M/b iQ KQ`2 bT2+B}+ BM/2t ಖ㝤ᩱᨵᐃ⋡
UBMbm`M+2 T`2KBmK `2pBbBQM `i2VX aBKBH`Hv- i?2 BM/2t ಖ㝤ᩱᨵᐃ⋡ UBMbm`M+2 T`2KBmK `2pBbBQM `i2V
?b bm#@Q`/BMi2 `2HiBQM iQ i?2 BM/2t ಖ㝤ᩱ⋡ UBMbm`M+2 T`2KBmK `i2VX h?Bb ?B2``+?B+H bi`m+im`2 Bb 
+QM+2Ti +HbbB}2` b QM2 ;2M2`H +QM+2Ti Kv ?p2 KMv bm#@Q`/BMi2 +QM+2Tib r?B+? 2ti2M/ Bib bT2+B}+BivX
h?2 /Bz2`2M+2 7`QK  +QM+2Ti +HbbB}2` Bb i?i- BM i?2 ?B2``+?B+H BM/2t-  bT2+B}+ +QM+2Ti Kv ?p2 KQ`2
i?M QM2 bmT2`@Q`/BMi2 +QM+2Ti iQ r?B+? Bi 2ti2M/b i?2 K2MBM;X 6Q` BMbiM+2- i?2 +QM+2Ti ಖ㝤ᩱච㝖ᮇ
㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V Bb KQ`2 bT2+B}+ i?M #Qi? +QM+2Tib ಖ㝤ᩱ UBMbm`M+2 T`2KBmKV
BM 6B;m`2 R M/ ᮇ㛫 UT2`BQ/V BM 6B;m`2 R#X
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:2M2`iBM; ?B2``+?B+H bi`m+im`2 Q7 H2;H BM/B+2b Bb M QMiQHQ;v H2`MBM; T`Q#H2K- BM r?B+? i?2 bmT2`@
Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb KQM; H2;H +QM+2Tib `2 +QMbB/2`2/X "bB+HHv- i?2 T`Q#H2K Q7 QMiQHQ;v
H2`MBM; 7`QK mMbi`m+im`2/ i2ti BM+Hm/2b irQ KBM bi2Tb, 2ti`+iBM; +QM+2Tib M/ /Bb+Qp2`BM; i?2 `2HiBQMb
KQM; i?2 +QM+2TibX h?2 }`bi bi2T Bb mbmHHv i`2i2/ b  i2`KBMQHQ;v 2ti`+iBQM ibF r?BH2 i?2 b2+QM/ bi2T
?b b2p2`H rvbX AM ;2M2`H- i?2`2 `2 irQ +QKKQM HBM2b Q7 TT`Q+? iQ /Bb+Qp2` i?2 ?B2``+?B2b Q7 +QM+2TibRN,
biiBbiB+b@#b2/ QMiQHQ;v H2`MBM; M/ HBM;mBbiB+b@#b2/ QMiQHQ;v H2`MBM;X AM H2;H QMiQHQ;v H2`MBM;- KQbi Q7
bim/B2b TTHB2/ i?2 b2+QM/ HBM2 Q7 TT`Q+? #v r?B+? `2b2`+?2`b /Bb+Qp2` i?2 ?B2``+?v Q7 QMiQHQ;v 7Q` KMv
HM;m;2b U2X;X :2`KM- 6`2M+?- SQ`im;m2b2- h?B- hmMBbBMV mbBM; itQMQKB+H +?BMbRR-Rk-R8- bvMi+iB+
bi`m+im`2 MHvbBbN- /Q+mK2Mi HQ;B+H bi`m+im`2R9 Q` 2ti2M/BM;  b22/ QMiQHQ;vj mbBM;  H2tB+H `2bQm`+2
bm+? b qQ`/L2iX b r2 /Q HBi2`im`2 `2pB2r- i?2`2 Bb MQ rQ`F QM CTM2b2 H2;H QMiQHQ;v H2`MBM; r?B+?
Bb Tm#HBb?2/ BM 1M;HBb?X Pm` rQ`F b2`p2b b 2zQ`i BM ;2M2`iBM; CTM2b2 H2;H QMiQHQ;v #b2/ QM Mim`H
HM;m;2 T`Q+2bbBM; TT`Q+? BM r?B+? QMHv bmT2`@Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb `2 +QMbB/2`2/X
G2;H BM/B+2b `2 i2`Kb +QMiBMBM; i?2 KBM BM7Q`KiBQM BM H2;H /Q+mK2MibX h?2 ibF Q7 2ti`+iBM;
CTM2b2 H2;H BM/B+2b Bb i`2i2/ b  F2vrQ`/ 2ti`+iBQM T`Q#H2K M/ bbmK2/ iQ #2 `2/v rBi? 2tBbiBM;
rQ`FRyX q2 T`QTQb2 M TT`Q+? iQ ;2M2`i2 i?2 ?B2``+?B+H BM/2t 7Q` H2;H /Q+mK2Mib #v 2tTHQBiBM;
/B`2+iBQMH bBKBH`Biv8 iQ /2i2`KBM2 i?2 bmT2`fbm#@Q`/BMi2 `2HiBQMb?BTb KQM; i?2 H2;H +QM+2TibX aBM+2
bmT2`@Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb `2 QM2@rv `2HiBQMb M/ i?2v ?p2 `2p2`b2 K2MBM; BM 2+? TB` Q7
+QM+2Tib- i?2 bmT2`@Q`/BMi2 `2HiBQMb +M #2 BM72``2/ 7`QK bm#@Q`/BMi2 `2HiBQMb M/ pB+2 p2`bX h?2`27Q`2-
r2 2tT`2bb QM2 Q7 i?2K M/ BM/B+i2 i?2 `2HiBQM #2ir22M  TB` Q7 +QM+2Ti b  /B`2+iBQMX 6Q`  b2i Q7 H2;H
+QM+2Tib- ?2`2#v H2;H BM/B+2b- i?2 /B`2+iBQMH `2HiBQMb KQM; i?2K 7Q`K  /B`2+i2/ ;`T?X AM i?Bb ;`T?-
i?2 +v+H2b +mb2/ i?2 bvMQMvKb Q7 i?2 H2;H BM/B+2b `2 2HBKBMi2/ #v +QK#BMBM; i?2 bvMQMvK BM/B+2b BM i?2
bK2 p2`iB+2bX h?2M- i?2 /B`2+i `2HiBQM #2ir22M Mv TB` Q7 p2`iB+2b Bb QKBii2/ B7 i?2`2 2tBbib M BM/B`2+i
Ti? HBMFBM; i?i TB`X h?2 ?B2``+?B+H BM/2t Bb ;2M2`i2/ #v 2tTQ`iBM; HH p2`iB+2b rBi? Bib +?BH/ p2`iB+2b
`2+m`bBp2HvX
q2 /QTi i?2 B/2 Q7 ?B2``+?B+H BM/2t iQ  /Q+mK2Mi Q7 CTM2b2 LiBQMH S2MbBQM +iX h?Bb rQ`F
b2`p2b b 2zQ`i BM 2ti`+iBM; i?2 b2KMiB+ `2HiBQMb 7`QK CTM2b2 H2;H /Q+mK2Mib #v Mim`H HM;m;2
T`Q+2bbBM; TT`Q+?X qBi? i?2 `2T`2b2MiiBQM b  ?B2``+?B+H bi`m+im`2- i?2 mb2`b +M bi`m+im`HHv BK;BM2
i?2 Qp2`pB2r Q7 i?2 KBM H2;H +QM+2TibX h?2 ?B2``+?B+H bi`m+im`2 Bb 2pHmi2/ #b2/ QM i?2 MmK#2` Q7
+Q``2+i `2HiBQMb BM +QKT`BbQM rBi? M MMQii2/ H2;H QMiQHQ;vX q2 +?B2p2/ 9yXeW Q7 T`2+BbBQM- 9eXNW Q7
`2+HH M/ 9jX8W Q7 6@K2bm`2 b i?2 T2`7Q`KM+2 Q7 i?2 T`QTQb2/ K2i?Q/X
kX _2Hi2/ qQ`Fb
aBM+2 i?2 ?B2``+?B+H BM/2t Q7 H2;H /Q+mK2Mib `2T`2b2Mib i?2 bmT2`@Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb
KQM; H2;H BM/B+2b- i?Bb bi`m+im`2 Bb  FBM/ Q7 H2;H QMiQHQ;v r?B+? +QMbB/2`b QMHv bmT2`@Q`/BMi2 M/ bm#@
Q`/BMi2 `2HiBQMb KQM; H2;H +QM+2TibX h?2 i2`K QMiQHQ;v Q`B;BMi2b BM T?BHQbQT?v M/ Bb /2b+`B#2/ b
ǳ bm#D2+i Q7 bim/v i?i Bb +QM+2`M2/ rBi? i?2 Mim`2 Q7 2tBbi2M+2RXǴ AM *QKTmi2` a+B2M+2- M QMiQHQ;v Bb
/2}M2/ b M 2tTHB+Bi bT2+B}+iBQM Q7  +QM+2TimHBxiBQMe M/ Q7i2M `2T`2b2Mi2/ #v 7Q`KH HM;m;2b bm+?
b q2# PMiQHQ;v GM;m;2 UPqGVX q?2M TTHB2/ iQ i?2 H2;H /QKBM- H2;H QMiQHQ;v Bb M 2tTHB+Bi M/
7Q`KH /2b+`BTiBQM Q7 i?2 H2;H +QM+2Tib M/ i?2B` `2HiBQMbX _2b2`+?2`b //`2bb b2p2`H mb2bR-Re Q7 i?2 H2;H
QMiQHQ;B2b bm+? b, BV Q`;MBx2 M/ bi`m+im`2 BM7Q`KiBQMc BBV `2bQMBM; M/ T`Q#H2K bQHpBM;c BBBV b2KMiB+
BM/2tBM; M/ b2`+?c BpV b2KMiB+ BMi2;`iBQMfBMi2`QT2`iBQMc M/ pV mM/2`biM/  /QKBMX
6Q` i?2 Tm`TQb2 Q7 FMQrH2/;2 `2T`2b2MiiBQM- QMiQHQ;v THvb M BKTQ`iMi `QH2 BM KMv /QKBMb- bm+? b
 `2T`2b2MiiBQM iQ mM/2`biM/ i?2 ;2M2`H `2HiBQMb Q7 i?2 KBM FMQrH2/;2 +QM+2Tib- M/  FMQrH2/;2 #b2
7Q` BM7Q`KiBQM `2i`B2pH bvbi2KX >2M+2- `2b2`+?2`b `2 2tT2M/BM; bB;MB}+Mi 2zQ`i QM K2i?Q/QHQ;B2b 7Q`
miQKiB+HHv +QMbi`m+iBM; QMiQHQ;v iQ /2b+`B#2 i?2 `2HiBQMb Q7 +QM+2TibX :2M2`HHv- i?2`2 `2 irQ +QKKQM
HBM2b Q7 TT`Q+? iQ /Bb+Qp2` i?2 `2HiBQMb KQM; +QM+2Tib r?2M +QMbi`m+iBM; QMiQHQ;v miQKiB+HHv 7`QK
i2tiRN,
R GQM;KM .B+iBQM`v Q7 *QMi2KTQ``v 1M;HBb?X /pM+2/ G2`M2`Ƕb .B+iBQM`vX
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Ç aiiBbiB+@#b2/ i2+?MB[m2b, /Bb+Qp2` +QM+2TibǶ ?B2``+?B2b mbBM; i2+?MB[m2b bm+? b +Hmbi2`BM; +QM+2Tib
BMiQ ;`QmTb Q` MHvxBM; i?2 +Q@Q++m``2M+2b Q7 +QM+2Tibc
Ç GBM;mBbiB+b@#b2/ i2+?MB[m2b, mM+Qp2` +QM+2Tib M/ `2HiBQMb #v miBHBxBM; bvMi+iB+ bi`m+im`2 M/ /2@
T2M/2M+v BM7Q`KiBQM Q` 2KTHQvBM; b2KMiB+ H2tB+QM `2bQm`+2 U2X;X qQ`/L2iVX
b i?2 b+QT2 Q7 i?Bb rQ`F #2HQM;b iQ i?2 `2b2`+? }2H/ Q7 G2;H 1M;BM22`BM;- r2 Qp2`pB2r TT`Q+?2b
i?i `2 iBHQ`2/ 7Q` QMiQHQ;v +QMbi`m+iBQM BM i?2 H2;H /QKBMX *Q`+?Q 2i HX9 b?Qr ?Qr 2tT2`ib BM i?2
H2;H /QKBM #mBH/ i?2B` QrM H2;H QMiQHQ;B2b rBi? J1h>PLhPGP:u M/ q2#P.1X JMv rQ`Fb 2tTHQ`2
+QKTmiiBQMH HBM;mBbiB+ i2+?MB[m2b iQ +QMbi`m+i H2;H QMiQHQ;v miQKiB+HHvX h?2b2 K2i?Q/b BM+Hm/2 irQ
KBM bi2Tb, 2ti`+iBM; i?2 H2;H i2`Kb M/ }M/BM; i?2 `2HiBQMb KQM; i2`KbX G2M+B 2i HXRR-Rk 2ti`+i i2`Kb
7`QK AiHBM i2ti M/ }M/ i?2 `2HiBQMb KQM; i?2K #v itQMQKB+H +?BMbX qHi2` M/ SBMFHRd-R3 }M/
`2HiBQMb Q7 +QM+2Tib BM 2ti`+i2/ /2}MBiBQMb iQ BKT`Qp2 i?2 [mHBiv Q7 i2ti@#b2/ QMiQHQ;v H2`MBM; 7`QK
:2`KM +Qm`i /2+BbBQMbX GK2N B/2MiB}2b H2;H QMiQHQ;v +QKTQM2Mib 7Q` 6`2M+? *Q/2b #v 2ti`+iBM; H2;H
i2`Kb M/ H2;H +QM+2Tib #v Mim`H HM;m;2 T`Q+2bbBM; K2i?Q/b- i?2M #H2M/b bvMi+iB+H MHvbBb rBi?
biiBbiB+H MHvbBb iQ }M/ i?2 `2HiBQMb KQM; i?2KX aBb M/ Zm`2bKR8 2ti`+i H2;H i2`Kb rBi? i?2B`
T`QT2`iB2b rBi? Mim`H HM;m;2 T`Q+2bbBM; iQQHb M/ B/2MiB7v `2HiBQMb KQM; i?2K #v KQ/B}2`b Q` ?2/b
BM i?2B` H2tB+H +?BMbc i?Bb H2;H QMiQHQ;v Bb i?2M K2`;2/ rBi? M 2tBbiBM; iQT@H2p2H SQ`im;m2b2 QMiQHQ;v
M/ mb2/ BM  HQ;B+ T`Q;`KKBM; 7`K2rQ`F 1oPGSYAa*P iQ 2M?M+2  `2i`B2pH bvbi2KX "QQM+?QK M/
aQQMi?Q`MT?BbDj BKT`Qp2 i?2 T2`7Q`KM+2 Q7 +Qm`i b2Mi2M+2b `2i`B2pH T`Q+2bb #v  T`QTQbH Q7 miQKiB+
h?B G2;H PMiQHQ;v "mBH/BM; UhP"V- r?B+? miQKiB+HHv ;2M2`i2b b22/ QMiQHQ;v M/ 2tTM/b i?2 QM@
iQHQ;v mbBM; h?B H2;H i2`KBMQHQ;v hGH2tB+QMX J2x;?MMB M/ :`;Qm`BR9 i+FH2 i?2 HQ;B+H bi`m+im`2b Q7
/Q+mK2Mib M/ 6Q`KH *QM+2Ti MHvbBb iQ +QMbi`m+i  H2;H QMiQHQ;v 7Q` hmMBbBM +`BKBMH HrX
jX :2M2`iBM; >B2``+?B+H AM/2t
b BMi`Q/m+2/ BM a2+iBQM R- i?2 B/2 Q7 i?2 ?B2``+?B+H BM/2t Bb TTHB2/ iQ H2;H /QKBM iQ `2T`2b2Mi i?2
H2;H +QM+2Tib ?B2``+?B+HHvX AM i?2 ?B2``+?B+H BM/2t Q7 H2;H /Q+mK2Mib- i?2 +QM+2Tib Q7 BM/B+2b i ?B;?2`
H2p2Hb `2 KQ`2 ;2M2`H i?M i?2 +QM+2Tib Q7 BM/B+2b i HQr2` H2p2Hb QM K2MBM; bT2+ic Q`- i?2 +QM+2Tib i
i?2 HQr2` H2p2Hb `2 KQ`2 bT2+B}+ i?M i?Qb2 i i?2 ?B;?2` H2p2HbX q2 +HH i?2b2 FBM/b Q7 `2HiBQMb `2 bmT2`@
Q`/BMi2 M/ bm#@Q`/BMi2 `2HiBQMb Q7 i?2 H2;H +QM+2TibX 6Q` +QMp2MB2M+2- r2 `272` iQ i?2 bmT2`@Q`/BMi2
+QM+2Tib b T`2Mib M/ bm#@Q`/BMi2 +QM+2Tib b +?BH/`2MX
h?2 Qp2`pB2r Q7 Qm` TT`Q+? 7Q` ;2M2`iBM;  ?B2``+?B+H BM/2t Q7 H2;H /Q+mK2Mi +QMiBMb 7QHHQrBM;
bi2Tb,
RX 1ti`+i i?2 H2;H BM/B+2b 7`QK H2;H /Q+mK2Mibc
kX *QMbi`m+i  /B`2+i2/ ;`T? G(V, E)- r?2`2 V Bb i?2 b2i Q7 H2;H BM/B+2b- M/ E Bb i?2 b2i Q7 /B`2+i2/
2/;2b BM/B+iBM; i?2 bm#@Q`/BMi2 /B`2+iBQMb 7`QK +?BH/ BM/B+2b iQ T`2Mi BM/B+2bc
jX 1HBKBMi2 i?2 +v+H2b +mb2/ #v bvMQMvKb BM G(V, E)c
9X 1HBKBMi2 i?2 /B`2+i2/ 2/;2 7`QK BM/2t C iQ BM/2t P- rBi? C, P ∈ V- B7 i?2`2 2tBbib M BM/B`2+i Ti?
7`QK BM/2t C iQ BM/2t Pc
8X 1tTQ`i i?2 ?B2``+?B+H BM/2t Q7 H2;H +QM+2Tib 7`QK i?2 /B`2+i2/ ;`T?X
h?2 H2;H BM/B+2b `2 rQ`/bfT?`b2b i?i 2tT`2bb i?2 BKTQ`iMi +QMi2Mib Q7 H2;H /Q+mK2MibX 1ti`+iBM;
H2;H BM/B+2b Bb i`2i2/ b  ibF Q7 2ti`+iBM; F2vrQ`/b 7`QK H2;H /Q+mK2Mib r?B+? Bb pBH#H2 rBi? 2tBbiBM;
rQ`F #v G2 2i HXRyX h?2 mi?Q`b bbmK2 i?i CTM2b2 F2vrQ`/b `2 Q++m``2/ BM +?mMFb M/ BM+Hm/2
BKTQ`iMi rQ`/b Q` iQF2MbX h?2v bbB;M r2B;?ib iQ 2tT`2bb i?2 BKTQ`iM+2 Q7 rQ`/b M/ +?mMFb- i?2M
+QHH2+i ?B;?Hv r2B;?i2/ +?mMFb b i?2 F2vrQ`/b 7Q` CTM2b2 H2;H /Q+mK2MibX
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ᮇ㛫
S2`BQ/
ಖ㝤ᩱච㝖ᮇ㛫
AMbm`M+2 T`2KBmK
2t2KTiBQM T2`BQ/
ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫
6mHH KQmMi Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/
6B;X k, h?2 /B`2+iBQMH `2HiBQMb Q7 i?`22 H2;H BM/B+2bX h?2 /B`2+iBQMb Q7 2/;2b BM/B+i2 i?2 bm#@Q`/BMi2 `2HiBQMb 7`QK +?BH/
BM/B+2b iQ T`2Mi BM/B+2bX h?2 HBM2b M/ i?2 /b?2/ HBM2 `2 `2bT2+iBp2Hv i?2 2tTHB+Bi M/ i?2 BKTHB+Bi `2HiBQMbX
"v Q#b2`piBQM Q7 CTM2b2 KQ`T?QHQ;v- +?BH/ BM/B+2b mbmHHv 2tTM/ i?2 T`2Mi BM/B+2b #v //BM; rQ`/bX
6Q` 2tKTH2- i?2 BM/2t ಖ㝤ᩱᨵᐃ⋡ UBMbm`M+2 T`2KBmK `2pBbBQM `i2V 2ti2M/b i?2 bT2+B}+Biv Q7 i?2 BM/2t
ᨵᐃ⋡ U`2pBbBQM `i2V #v //BM; rQ`/ ಖ㝤ᩱ UBMbm`M+2 T`2KBmKVX >2M+2- i?2 ?B2``+?B+H bi`m+im`2 +M
bBKTHv #2 +QMbi`m+i2/ #v +QmMiBM; i?2 Qp2`HTTBM; Q7 itQMQKB+H +?BMb Q++m``BM; BM i?2 BM/B+2bX >Qr2p2`-
i?2 TQbBiBQMb Q7 BMb2`i2/ rQ`/b BM +?BH/ BM/B+2b `2 MQi }t2/ M/ +M Q++m` #27Q`2- 7i2` Q` BM i?2 KB//H2 Q7 i?2
T`2Mi BM/B+2bX 6Q` BMbiM+2- i?2 BM/2t ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM
T2`BQ/V Bb KQ`2 bT2+B}+ i?M i?2 BM/2t ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V /m2 iQ i?2
//BiBQM Q7 rQ`/ ඲㢠 U7mHH KQmMiV BM i?2 KB//H2 Q7 i?2 H2tB+H +?BMX AM //BiBQM- i?2 Qp2`HTTBM; rQ`/b
BM +?BH/ BM/B+2b /Q MQi 2t+iHv +Q``2bTQM/ rBi? i?2 T`2Mi BM/B+2bX 6Q` BMbiM+2- i?2 BM/2t ⿕⏝⪅ᖺ㔠ྛἲ
U2KTHQv22 T2MbBQM +ibV ?b bm#@Q`/BMi2 `2HiBQM iQ i?2 BM/2t ἲ௧ UHrb M/ `2;mHiBQMbV bBM+2 i?2 rQ`/
ἲ U+iV Bb  bm#@+Hbb Q7 rQ`/ ἲ௧ UHrb M/ `2;mHiBQMbVX h?2`27Q`2- r2 +QMbB/2` i?2 Qp2`HTTBM; Q7 rQ`/b
QM i?2 b2KMiB+ bT2+ib M/ i?2 `2HiBQMb Q7 i?2 BM/B+2b `2 /2i2`KBM2/ #v i?2B` K2MBM;X
aBM+2  bmT2`@Q`/BMi2 `2HiBQM 7`QK  T`2Mi BM/2t iQ  +?BH/ BM/2t +M #2 BM72``2/ 7`QK i?2 bm#@Q`/BMi2
`2HiBQM 7`QK i?2 +?BH/ BM/2t iQ i?2 T`2Mi BM/2t M/ pB+2 p2`b- QMHv QM2 FBM/ Q7 `2HiBQMb Bb /2[mi2 iQ
2tT`2bb i?2 `2HiBQM #2ir22M irQ BM/B+2bX q2 +?QQb2 QM2- BX2X i?2 bm#@Q`/BMi2 `2HiBQM- M/ BM/B+i2 i?Bb
`2HiBQM #v  /B`2+iBQMX q?2M +QMM2+iBM; HH H2;H BM/B+2b iQ;2i?2`- i?2 bm#@Q`/BMi2 `2HiBQMb bi`m+im`2 
/B`2+i2/ ;`T?X h?2`27Q`2- iQ `2T`2b2Mi i?2 `2HiBQMb KQM; i?2 H2;H BM/B+2b- r2 2KTHQv  /B`2+i2/ ;`T? BM
r?B+? i?2 /B`2+iBQMb Q7 2/;2b 2tT`2bb i?2 bm#@Q`/BMi2 `2HiBQMb Q7 BM/B+2bX M /pMi;2 Q7 `2T`2b2MiBM; i?2
`2HiBQMb KQM; BM/B+2b #v /B`2+iBQMb Bb i?i i?2 bm#bmKTiBQM Q7 ;`Mi T`2Mi BM/B+2b iQ ;`Mi +?BH/ BM/B+2b
Bb HbQ `2p2H2/X 6B;m`2 k BHHmbi`i2b i?2 `2HiBQMb Q7 i?`22 H2;H BM/B+2b r?2`2 i?2 /B`2+iBQMb Q7 2/;2b BM/B+i2
i?2 bm#@Q`/BMi2 `2HiBQMb 7`QK +?BH/ BM/B+2b iQ T`2Mi BM/B+2bX AM i?Bb 2tKTH2- i?2 /B`2+iBQMb BM/B+i2 i?i
i?2 BM/2t ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V Bb KQ`2 bT2+B}+ i?M
i?2 BM/2tಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V M/ i?2 BM/2tಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/V Bb KQ`2 bT2+B}+ i?M i?2 BM/2t ᮇ㛫 UT2`BQ/VX qBi?Qmi ?pBM;  /B`2+i2/ 2/;2-
r2 biBHH mM/2`biM/ i?2 BKTHB+Bi bm#@Q`/BMi2 `2HiBQM 7`QK i?2 BM/2t ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7
BMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V iQ i?2 BM/2t ᮇ㛫 UT2`BQ/VX
jXRX *QMbi`m+iBM; .B`2+i2/ :`T? Q7 G2;H AM/B+2b
b MHvx2/ BM T`2pBQmb b2+iBQM- i?2 /B`2+i2/ ;`T? Bb 2KTHQv2/ iQ `2T`2b2Mi i?2 `2HiBQMb KQM; H2;H
BM/B+2bX AM i?Bb /B`2+i2/ ;`T?- p2`iB+2b 2tT`2bb i?2 H2;H BM/B+2b M/ 2/;2b 2tT`2bb i?2 /B`2+iBQMb Q7 bm#@
Q`/BMi2 `2HiBQMbX q2 /2i2`KBM2 i?2 /B`2+iBQMb KQM; i?2 H2;H BM/B+2b mbBM; /B`2+iBQMH bBKBH`BivX h?2
b2KMiB+ bBKBH`Biv UQ` b2KMiB+ `2Hi2/M2bbV Bb  K2i`B+ BM/B+iBM; i?2 /BbiM+2 Q7 K2MBM; #2ir22M irQ
+QM+2Tib Q` i2tibX .B`2+iBQMH bBKBH`Biv8 Bb /2}M2/ b i?2 b2KMiB+ bBKBH`Biv Q7  i2ti b2;K2Mi Ti rBi?
`2bT2+i iQ MQi?2` i2ti b2;K2Mi T jX aT2+B}+HHv- /B`2+iBQMH bBKBH`Biv K2bm`2b ?Qr bBKBH` Q7  i2ti- Ti- Bb
iQ MQi?2` i2ti- T jX h?2 /B`2+iBQMH bBKBH`Biv Q7 Ti rBi? `2bT2+i iQ T j Bb #b2/ QM i?2 b2KMiB+ bBKBH`BiB2b
Q7 rQ`/b BM+Hm/BM; BM #Qi? i2ti b2;K2MibX AM im`M- i?2 b2KMiB+ bBKBH`Biv Q7 rQ`/b Bb i`2i2/ /Bz2`2MiHv
#b2/ i?2 ivT2b, b2KMiB+ bBKBH`BiB2b Q7 MQmMb M/ p2`#b `2 #b2/ QM i?2B` /BbiM+2b BM  i?2bm`mb bm+?
b qQ`/L2i r?BH2 i?2 bBKBH`BiB2b Q7 /D2+iBp2b- /p2`#b- +`/BMH MmK#2`b `2 #b2/ QM H2tB+H Ki+?BM;X
aBM+2 i?2 H2;H BM/B+2b `2 MQi p2`v HQM; b  T`;`T? M/ BM+Hm/2 i?2 BKTQ`iMi rQ`/b- r2 i`2i HH
rQ`/b BM H2;H BM/B+2b 2[mHHv M/ K2bm`2 i?2 rQ`/@iQ@rQ`/ bBKBH`BiB2b #b2/ QM qQ`/L2i mbBM; K2i`B+b
/2}M2/ QM i?2 +QM+2Ti /BbiM+2b bm+? b GBMRj M/ qmSHK2`kyX h?2M- i?2 /B`2+iBQMH bBKBH`Biv Q7 M
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BM/2t C rBi? `2bT2+i iQ M BM/2t P Bb KQ/B}2/ b 7QHHQrb,
S im(C, P) =
∑
wi∈C maxS im(wi) ∗ id fwi
∑
wi∈C id fwi
URV
BM r?B+?- maxS im(wi) Bb i?2 ?B;?2bi rQ`/@iQ@rQ`/ b2KMiB+ bBKBH`Biv Q7 rQ`/ wi iQ rQ`/b BM P M/ id fwi Bb
i?2 AMp2`b2 .Q+mK2Mi 6`2[m2M+v UA.6V b+Q`2 Q7 i?2 rQ`/ wiX h?2 rQ`/@iQ@rQ`/ b2KMiB+ bBKBH`Biv #2ir22M
irQ rQ`/b wi M/ wj Bb K2bm`2/ #b2/ QM i?2 /BbiM+2 Q7 i?2B` +QM+2Tibky-Rj BM  b2KMiB+ M2irQ`F bm+? b
qQ`/L2iX LQi2 i?i- BM i?Bb bim/v- r2 i`2i i?2 bvMQMvKb b i?2 bK2 rQ`/b M/ rQ`/@iQ@rQ`/ bBKBH`Biv
Q7  rQ`/ M/ Bib bvMQMvKb Bb RX h?2 A.6 b+Q`2 Q7  rQ`/ w BM/B+i2b i?2 BKTQ`iM+2 Q7 i?2 rQ`/ w BM 
+QHH2+iBQM Q7 N /Q+mK2Mib M/ Bb +H+mHi2/ b,
id fw = HQ;
N
d fw
UkV
r?2`2 d fw Bb i?2 /Q+mK2Mi 7`2[m2M+v Q` i?2 MmK#2` Q7 /Q+mK2Mib BM r?B+? i?2 rQ`/ w TT2`bX
h?2 /B`2+iBQMH bBKBH`Biv b+Q`2 ?b pHm2 7`QK y iQ R BM/B+iBM; i?2 /2;`22 Q7 bBKBH`Biv Q7 M BM/2t iQ
MQi?2` BM/2tX q?2M i?2 /B`2+iBQMH bBKBH`Biv Q7 BM/2t P iQ BM/2t C Bb S im(P,C) = 1- Bi K2Mb i?i BM/2t P
Bb 2t+iHv i?2 bK2 rBi? BM/2t C BM i?2 K2MBM; bT2+i r?BH2 Bi /Q2b MQi K2M i?i BM/2t C Bb HbQ 2t+iHv
i?2 bK2 rBi? BM/2t PX h?Bb 7+i Bb +mb2/ #v i?2 2ti2MbBQM Q7 PǶb bT2+B}+Biv BM +QM+2Ti C r?2M //BM; M2r
rQ`/UbVX h?2`27Q`2- r2 /2i2`KBM2 i?2 bm#@Q`/BMi2 `2HiBQM 7`QK C iQ P #b2/ QM i?2B` /B`2+iBQMH bBKBH`BivX
AM #`B27- r2 /2i2`KBM2 i?2 bm#@Q`/BMi2 `2HiBQM Q7 BM/2t C iQ BM/2t P B7 i?2v Q++m` BM i?2 bK2 `iB+H2b M/
i?2 /B`2+iBQMH bBKBH`Biv Q7 BM/2t C rBi? `2bT2+i iQ BM/2t P Bb S im(P,C) = 1X
h#H2 R, h?2 A.6 b+Q`2b Q7 rQ`/b UiQF2MbV BM i?2 BM/B+2b ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM
T2`BQ/V- ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V- ⿕⏝⪅ᖺ㔠ྛἲ U2KTHQv22 T2MbBQM +ibV M/ ἲ௧ UHrb M/
`2;mHiBQMbVX
qQ`/ w h`MbHiBQM id fw qQ`/ w h`MbHiBQM id fw
ಖ㝤 BMbm`M+2 yXeR ⿕⏝⪅ 2KTHQv22 RXde
ᩱ T`2KBmKf722 yXjR ᖺ㔠 T2MbBQM yX3R
඲㢠 7mHH KQmMi RXkN ྛ 2+?fHH yXRe
ච㝖 2t2KTiBQM RXyk ἲ +i yXyR
ᮇ㛫 T2`BQ/ yXkN ἲ௧ Hrb UM/ `2;mHiBQMbV yX8y
h#H2 k, h?2 b2KMiB+ bBKBH`BiB2b Q7 HH TB`b Q7 rQ`/b BM irQ H2;H BM/B+2b ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/V M/ ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/VX
ಖ㝤 ᩱ ඲㢠 ච㝖 ᮇ㛫
UBMbm`M+2V UT`2KBmKf722V U7mHH KQmMiV U2t2KTiBQMV UT2`BQ/V
ಖ㝤 UBMbm`M+2V RXyy yX8N yXyy yXj8 yXj3
ᩱ UT`2KBmKf722V yX8N RXyy yXyy yXj3 yX9y
ච㝖 U2t2KTiBQMV yXj8 yXj3 yXyy RXyy yX8j
ᮇ㛫 UT2`BQ/V yXj3 yX9y yXyy yX8j RXyy
AMimBiBp2Hv- r2 iF2 irQ 2tKTH2b 7Q` irQ TB`b Q7 H2;H BM/B+2b,
Ç C1 = ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V M/ P1 = ಖ㝤ᩱච
㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V `272` iQ i?2 T2`BQ/ Q7 BMbm`M+2 2t2KTiBQM- BM r?B+? C1
Bb KQ`2 bT2+B}+ i?M P1c
Ç C2 = ⿕⏝⪅ᖺ㔠ྛἲ U2KTHQv22 T2MbBQM +ibV M/ P2 = ἲ௧ UHrb M/ `2;mHiBQMbV `272` iQ i?2 Hr-
BM r?B+? C2 Bb KQ`2 bT2+B}+ i?M P2X
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h#H2 j, h?2 b2KMiB+ bBKBH`BiB2b Q7 HH TB`b Q7 rQ`/b BM irQ H2;H BM/B+2b ⿕⏝⪅ᖺ㔠ྛἲ U2KTHQv22 T2MbBQM +ibV M/ ἲ௧
UHrb M/ `2;mHiBQMbVX
⿕⏝⪅ ᖺ㔠 ྛ ἲ
U2KTHQv22V UT2MbBQMV U2+?fHHV U+iV
ἲ௧ UHrb M/ `2;mHiBQMbV yXkR yXjy yXyy RXyy
:Bp2M i?2 A.6 b+Q`2b Q7 HH rQ`/b b?QrM BM h#H2 R M/ i?2 rQ`/@iQ@rQ`/ b2KMiB+ bBKBH`BiB2b #v qmSHK2`
K2i`B+ Q7 HH TB`b Q7 rQ`/b BM irQ TB`b Q7 BM/B+2b b BM h#H2 k M/ h#H2 j- i?2 /B`2+iBQMH bBKBH`Biv Q7
2+? TB` Q7 BM/B+2b Bb,
Ç .B`2+iBQMH bBKBH`Biv Q7 C1 iQ P1 Bb S im(C1, P1) = 0.63c
Ç .B`2+iBQMH bBKBH`Biv Q7 P1 iQ C1 Bb S im(P1,C1) = 1.0c
Ç .B`2+iBQMH bBKBH`Biv Q7 C2 iQ P2 Bb S im(C2, P2) = 0.23c
Ç .B`2+iBQMH bBKBH`Biv Q7 P2 iQ C2 Bb S im(P2,C2) = 1.0X
q?2M +QMbi`m+iBM; i?2 /B`2+i2/ ;`T? Q7 i?2 H2;H BM/B+2b- i?2 /B`2+iBQMb #2ir22M TB`b Q7 BM/B+2b BM/B+i2
i?2 bm#@Q`/BMi2 `2HiBQMb Q` i?2 /B`2+iBQMb 7Q`r`/ 7`QK bT2+B}+ +QM+2Tib iQ ;2M2`H +QM+2TibX bbmK2 i?i
2+? TB` Q7 BM/B+2b Q++m` BM i?2 bK2 `iB+H2b- i?2 /B`2+iBQM Bb /2i2`KBM2/ iQ 7Q`r`/ 7`QK BM/2t C iQ BM/2t
P B7 i?2 /B`2+iBQMH bBKBH`Biv Q7 P iQ C Bb S im(P,C) = 1X 6Q` i?2 irQ TB`b Q7 BM/B+2b BM i?2 2tKTH2- i?2
/B`2+i2/ 2/;2b 7Q`r`/ 7`QK BM/2t C1 iQ BM/2t P1 M/ 7`QK BM/2t C2 iQ BM/2t P2 iQ BM/B+i2 i?i BM/B+2b C1
M/ C2 `2 bm#@Q`/BMi2 BM/B+2b Q7 P1 M/ P2 `2bT2+iBp2HvX 6B;m`2 j b?Qrb  TB2+2 Q7 /B`2+i2/ ;`T? Q7 RR
H2;H BM/B+2b r?2`2 i?2 /B`2+iBQMb 2tTHB+Bi i?2 bm#@Q`/BMi2 `2HiBQMb 7`QK i?2 +?BH/ BM/B+2b iQ i?2B` T`2Mi
BM/B+2bX
jXkX 1HBKBMiBM; *v+H2b Q7 avMQMvKb
aQK2 +QM+2Tib `2 bvMQMvKb BM i?i i?2v ?p2 #B@/B`2+iBQMH `2HiBQMb #2ir22M TB`b Q7 p2`iB+2bX 6Q`
2tKTH2- bBM+2 irQ BM/B+2b C 4㔠㢠 UKQmMi Q7 KQM2vV M/ P 4㢠 UKQmMiV BKTHv i?2 bK2 K2MBM;- i?2
/B`2+iBQMH bBKBH`Biv rBi? `2bT2+i iQ #Qi? BM/B+2b Bb i?2 bK2 S im(C, P) = S im(P,C) = 1X >2M+2- i?2`2 `2
ಖ㝤ᩱᅄศࡢ୍ච㝖ᮇ㛫
PM2 7Q`i? Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/
ಖ㝤ᩱᅄศࡢ୕ච㝖ᮇ㛫
h?`22 7Q`i? Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/
ಖ㝤ᩱ༙㢠ච㝖ᮇ㛫
>H7 KQmMi Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/
ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫
6mHH KQmMi Q7 BMbm`M+2
T`2KBmK 2t2KTiBQM T2`BQ/
ಖ㝤ᩱᨵᐃ⋡
AMbm`M+2 T`2KBmK
`2pBbBQM `i2
ಖ㝤ᩱ
AMbm`M+2 T`2KBmK
ಖ㝤ᩱච㝖ᮇ㛫
AMbm`M+2 T`2KBmK
2t2KTiBQM T2`BQ/
ᮇ㛫
S2`BQ/
ಖ㝤ᩱ⋡
AMbm`M+2 T`2KBmK `i2
ಖ㝤ᩱ⣡௜῭ᮇ㛫
AMbm`M+2 T`2KBmK
TvK2Mi T2`BQ/
ㄪᩚᮇ㛫
/DmbiK2Mi T2`BQ/
6B;X j, h?2 bm#@Q`/BMi2 `2HiBQMb KQM;  b2i Q7 CTM2b2 H2;H BM/B+2b `2 `2T`2b2Mi2/ #v i?2 ``QrbX h?2 i?BM 2/;2b `2 i?2
`2/mM/Mi `2HiBQMb r?B+? rBHH #2 2HBKBMi2/X h?2 i?B+F 2/;2b `2 i?2 `2KBMBM; `2HiBQMb 7i2` i?2 2HBKBMiBQMX
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 /B`2+i 2/;2 7`QK P iQ C M/  /B`2+i 2/;2 7`QK C iQ PX AM i?2 +b2 Q7 bm+? bvMQMvK- i?2 bvMQMvK BM/B+2b
`2 +QK#BM2/ b QM2 p2`i2t BM i?2 /B`2+i2/ ;`T? rBi? `2b2`pBM; i?2B` `2HiBQMb iQ M/ 7`QK Qi?2` p2`iB+2bX
jXjX 1HBKBMiBM; lMM2+2bb`v .B`2+i2/ 1/;2b
1p2`v p2`i2t Q7 bT2+B}+ H2;H +QM+2Tib ?b /B`2+iBQMb iQ HH Q7 Bib ;2M2`H +QM+2TibX aBM+2 i?2 bm#@Q`/BMi2
`2HiBQMb +M #2 mM/2`biM/ BKTHB+BiHv- i?2 /B`2+i2/ 2/;2 #2ir22M irQ p2`iB+2b Bb MQi M2+2bb`v B7 i?2`2 Bb
MQi?2` TQbbB#H2 Ti? +QMM2+iBM; i?2KX 6Q` BMbiM+2- b b?QrM BM 6B;m`2 j- i?2`2 `2 irQ Ti?b 7`QK i?2
BM/2tಖ㝤ᩱ඲㢠ච㝖ᮇ㛫 U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V iQ i?2 BM/2tᮇ㛫 UT2`BQ/V,
 /B`2+i Ti? M/ M BM/B`2+i Ti? pB i?2 BM/2t ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/VX
b MHvxBM; T`2pBQmbHv BM 6B;m`2 k- r2 `2 biBHH #H2 iQ mM/2`biM/ i?i i?2 BM/2t ಖ㝤ᩱ඲㢠ච㝖ᮇ㛫
U7mHH KQmMi Q7 BMbm`M+2 T`2KBmK 2t2KTiBQM T2`BQ/V ?b  bm#@Q`/BMi2 `2HiBQM iQ i?2 BM/2tᮇ㛫 UT2`BQ/V
rBi?Qmi M 2tTHB+Bi bm#@Q`/BMi2 `2HiBQM #mi pB i?2 BM/2t ಖ㝤ᩱච㝖ᮇ㛫 UBMbm`M+2 T`2KBmK 2t2KTiBQM
T2`BQ/VX >2M+2- i?2 /B`2+i2/ 2/;2 #2ir22M i?2K Bb `2/mM/MiX h?2`27Q`2- i?2 /B`2+i2/ 2/;2 #2ir22M Mv irQ
p2`iB+2b Bb 2HBKBMi2/ B7 i?2`2 2tBbib M BM/B`2+i Ti? +QMM2+iBM; irQ p2`iB+2bX AM 6B;m`2 j- i?2 #QH/ 2/;2b
BM/B+i2 i?2 bm#@Q`/BMi2 `2HiBQMb KQM; H2;H BM/B+2b 7i2` 2HBKBMiBM; mMM2+2bb`v /B`2+i2/ 2/;2bX
jX9X 1tTQ`iBM; >B2``+?B+H AM/2t
q?2M ?pBM; i?2 /B`2+i2/ ;`T? Q7 H2;H BM/B+2b rBi?Qmi bvMQMvKb M/ mMM2+2bb`v 2/;2b- HH BM/B+2b BM
i?2 /B`2+i2/ ;`T? `2 2tTQ`i2/ b  i#H2 Q7 ?B2``+?B+H BM/2t 7Q` H2;H /Q+mK2Mib b 7QHHQrb,
RX aQ`i p2`iB+2b #v b+2M/BM; Q`/2` Q7 Qmi/2;`22X LQi2 i?i- i?2 Qmi/2;`22 Q7  p2`i2t BM  /B`2+i2/ ;`T?
Bb /2}M2/ b i?2 MmK#2` Q7 Qmir`/ 2/;2b 7`QK i?i p2`i2tX
kX 6Q` 2+? p2`i2t- T`BMi Bib BM/2t M/ Bib +?BH/ BM/B+2b 7`QK BM+QKBM; 2/;2b `2+m`bBp2HvX o2`iB+2b `2
K`F2/ b pBbBi2/ r?2M Bib BM/2t ?b #22M T`BMi2/ iQ i?2 ?B2``+?vX
jX S`BMi i?2 `2bi Q7 i?2 BM/B+2b r?B+? ?p2 MQi #22M pBbBi2/X
9X 1tT2`BK2Mib
q2 /QTi i?2 B/2 Q7 i?2 ?B2``+?B+H BM/2t QM CTM2b2 LiBQMH S2MbBQM +i UCLSV /Q+mK2Mi r?B+?
BM+Hm/2b ky3 BM/B+2bX *#Q+?3k Bb 2KTHQv2/ b T`b2` iQ b2T`i2 i?2 rQ`/b BM i?2 H2;H BM/B+2bX CTM2b2
qQ`/L2ikj Bb mb2/ b i?2 i?2bm`mb iQ +H+mHi2 i?2 b2KMiB+ bBKBH`Biv Q7 rQ`/bX q2 mb2 CqCq9 b
iQQH iQ +QKTmi2 i?2 rQ`/@iQ@rQ`/ bBKBH`Biv #b2/ QM qQ`/L2i i?2bm`mbX hrQ K2i`B+b 7Q` rQ`/@iQ@rQ`/
b2KMiB+ bBKBH`Biv `2 qmSHK2`ky M/ GBMRjX h?2 +Q`Tmb iQ +H+mHi2 A.6 b+Q`2b 7Q` rQ`/b BM+Hm/2b d-N39
H2;H /Q+mK2Mib 7`QK i?2 CTM2b2 ;Qp2`MK2Mi r2# T;2 mT/i2/ mMiBH CmHv jRbi- kyRjX
h?2 bi`m+im`2 Q7 i?2 ;2M2`i2/ ?B2``+?v Bb 2pHmi2/ mbBM; M MMQii2/ QMiQHQ;v K/2 7Q` CLS #v
bT2+BHBbibX h?Bb QMiQHQ;v /2b+`B#2b i?2 Aa@ `2HiBQMb Q7 i?2 H2;H BM/B+2b r?B+? Kv MQi #2 BM+Hm/2/ BM i?2
CLS /Q+mK2MiX h?2`27Q`2- r2 2ti`+i  bm#b2i Q7 BM/B+2b r?B+? `2 BM+Hm/2/ BM i?2 CLS /Q+mK2Mi rBi?
i?2B` +Q``2bTQM/BM; `2HiBQMb b i?2 #2M+?K`F 7Q` 2pHmiBQMX h?2 MMQii2/ ?B2``+?B+H BM/2t +QMiBMb
ky3 BM/B+2b rBi? RR8 bm#@Q`/BMi2 `2HiBQMbX q2 2pHmi2 i?2 bi`m+im`2 Q7 ;2M2`i2/ ?B2``+?v #v +QmMiBM;
i?2 MmK#2` Q7 +Q``2+i bm#@Q`/BMi2 `2HiBQMbX aBM+2 i?2`2 `2 KMv BM/B+2b r?B+? /Q MQi ?p2 bm#@Q`/BMi2
`2HiBQMb iQ KQ`2 ;2M2`H +QM+2Tib- r2 +QMbB/2` i?2K iQ ?p2 bm#@Q`/BMi2 `2HiBQMb iQ LlGGX AM //BiBQM-
i?2 bvMQMvKb `2 b2T`i2/ M/ +QmMi HH bm#@Q`/BMi2 `2HiBQMb KQM; i?2KX h?2 `2HiBQMb iQ M/ 7`QK
k *#Q+? Bb pBH#H2 i ?iiTb,ff+Q/2X;QQ;H2X+QKfTf+#Q+?fX
j h?2 CTM2b2 qQ`/L2i Bb pBH#H2 i ?iiT,ffMHTrrrXMB+iX;QXDTfrM@DfBM/2tX2MX?iKHX
9 CqCq Bb  Cp SA 7Q` CTM2b2 qQ`/L2i@#b2/ b2KMiB+ bBKBH`Biv r?B+? Bb pBH#H2 i ?iiT,ffrrrX+bX+KmX2/mf
?B/2FBfbQ7ir`2fDrDrfBM/2t@2MX?iKHX
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i?2 bvMQMvK BM/B+2b `2 HbQ BM+`2b2/ #v i?2 b2T`iBQMX 6BMHHv- BM i?2 MMQii2/ ?B2``+?v- i?2`2 `2 kke
bm#@Q`/BMi2 `2HiBQMb KQM; ky3 BM/B+2b Q7 i?2 CLS /Q+mK2MiX
q2 mb2 S`2+BbBQM- _2+HH M/ 6@K2bm`2 b K2i`B+b iQ 2pHmi2 i?2 Qp2`HT Q7 i?2 ;2M2`i2/ M/ MMQii2/
bi`m+im`2bX h?2 S`2+BbBQM Bb i?2 T2`+2Mi;2 Q7 +Q``2+i bm#@Q`/BMi2 `2HiBQMb QM i?2 ;2M2`i2/ `2HiBQMb,
Prec =
O *Q``2+i am#@Q`/BMi2 _2HiBQMb
O :2M2`i2/ am#@Q`/BMi2 _2HiBQMb
h?2 _2+HH Bb i?2 T2`+2Mi;2 Q7 i?2 +Q``2+i `2HiBQMb QM i?2 MMQii2/ `2HiBQMb,
Rec =
O *Q``2+i am#@Q`/BMi2 _2HiBQMb
O MMQii2/ am#@Q`/BMi2 _2HiBQMb
6@K2bm`2 Bb i?2 ?`KQMB+ b+Q`2 7Q` S`2+BbBQM M/ _2+HH,
F@measure = 2 × Prec × Rec
Prec + Rec
h#H2 9, h?2 2pHmiBQM QM i?2 bi`m+im`2 Q7 i?2 ;2M2`i2/ ?B2``+?B+H BM/2t 7Q` CLS /Q+mK2MiX O 1ti`+i Bb i?2 MmK#2` Q7
2ti`+i2/ bm#@Q`/BMi2 `2HiBQMbX O *Q``2+i Bb i?2 MmK#2` Q7 +Q``2+i bm#@Q`/BMi2 `2HiBQMbX
J2i`B+b O 1ti`+i O *Q``2+i S`2+ _2+ 6@K2bm`2
qmSHK2` kee Rye jNX3W 9eXNW 9jXRW
GBM keR Rye 9yXeW 9eXNW 9jX8W
h?2 ?B2``+?B+H BM/2t 7Q` i?2 CLS /Q+mK2Mi ?b #22M ;2M2`i2/ mbBM; i?2 K2i?Q/ /2b+`B#2/ T`2pBQmbHv
M/ i?2 2ti`+i2/ `2HiBQMb ?b #22M +QmMi b i?2 bK2 7b?BQM rBi? i?2 MMQii2/ /iX h?2 T2`7Q`KM+2 Q7
Qm` T`QTQb2/ TT`Q+? Bb b?QrM BM h#H2 9X 6Q` #Qi? bBKBH`Biv K2i`B+b- r2 2ti`+i2/ Rye +Q``2+i `2HiBQMb-
`Qm;?Hv  ?H7 Q7 i?2 MMQii2/ `2HiBQMbX h?2 Qp2`HH T2`7Q`KM+2b Q7 Qm` TT`Q+? mbBM; irQ K2i`B+b `2
HKQbi i?2 bK2- KQ`2 i?M 9jW QM 6@K2bm`2X AM i?Bb 2tT2`BK2Mi- i?2 ?B2``+?v `2bmHi2/ rBi? GBM K2i`B+
+?B2p2b bHB;?iHv ?B;?2` T`2+BbBQMX >2M+2- r2 Q#iBM2/ #2ii2` T2`7Q`KM+2 rBi? GBM K2i`B+ i 9yXeW 7Q`
T`2+BbBQM- 9eXNW 7Q` `2+HH M/ 9jX8W 7Q` 6@K2bm`2X
1``Q` MHvbBb
q2 MHvx2 i?2 ;2M2`iBM; T2`7Q`KM+2 QM i?2 ?B2``+?B+H BM/2t 7Q` i?2 CLS /Q+mK2Mi #v GBM K2i`B+,
R88 bm#@Q`/BMi2 `2HiBQMb `2 r`QM;Hv 2ti`+i2/ M/ Rky MMQii2/ `2HiBQMb `2 KBbb2/X h?2 r`QM;Hv
2ti`+i2/ `2HiBQMb `2 +mb2/ #v, BV i?2 Qp2`HTTBM; Q7 iQF2Mb- bm+? b iQF2M 㞀ᐖ U/Bb#BHBivV 72im`2b 
bm#@Q`/BMi2 `2HiBQM 7`QK BM/2t 㞀ᐖᇶ♏ᖺ㔠 U/Bb#BHBiv #bB+ T2MbBQMV iQ BM/2t 㞀ᐖ U/Bb#BHBivVc BBV i?2
Qp2`HTTBM; Q7 i?2 bvMQMvK iQF2Mb- bm+? b iQF2Mb ᩱ U722fT`2KBmKV M/ ㈝⏝ U+QbiV `2 `2+Q;MBx2/ b
bvMQMvKb BM i?2 CTM2b2 qQ`/L2i- i?2`27Q`2 M bm#@Q`/BMi2 `2HiBQM Bb 7Q`KmHi2/ 7`QK BM/2t ಖ㝤ᩱ
UBMbm`M+2 T`2KBmKV iQ BM/2t ㈝⏝ U+QbiVc M/ BBBV Qi?2` `2bQMb- bm+? b i?2 +Q@Q++m``2M+2 +QMbi`BMb
T`2p2Mi BM/2t ㏉㑏㔠മᶒ U+HBK 7Q` `27mM/V iQ #2 +QMbB/2`2/ iQ ?p2 `2HiBQM rBi? BM/2t ᶒ฼ U`B;?iV bBM+2
i?2v /Q MQi Q++m` BM i?2 bK2 `iB+H2X h?2 MMQii2/ `2HiBQMb `2 KBbb2/ #2+mb2 i?2 `2HiBQMb #2ir22M
TB`b Q7 BM/B+2b `2 MQi 72im`2/ /m2 iQ i?2 bBKBH`BiB2bX 6Q` BMbiM+2- BM/2t ⪁㱋ᇶ♏ᖺ㔠 UQH/ ;2 #bB+
T2MbBQMV Bb MMQii2/ b  /2b+2M/Mi Q7 BM/2tᖺ㔠⤥௜ UT2MbBQM #2M2}iV- ?Qr2p2`- i?2 /B`2+iBQMH bBKBH`Biv
/Q2b MQi `2+Q;MBx2 i?2 `2HiBQM #2ir22M i?2KX
8X *QM+HmbBQMb
.m2 iQ i?2 H`;2 MmK#2` Q7 H2;H /Q+mK2Mib M/ i?2 +QKTH2tBiv Q7 i?2 H2;H BM7Q`KiBQM- i?2 `2/2`b Kv
?p2 /B{+mHiB2b BM `2/BM; M/ mM/2`biM/BM; i?2 +QMi2MibX q2 BK iQ bmTTQ`i i?2K #v T`QpB/BM;  #`B2~v
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bi`m+im`2/ `2T`2b2MiiBQM Q7 i?2 H2;H +QM+2TibX h?2 B/2 Q7 ?B2``+?B+H BM/2t Bb TTHB2/ iQ i?2 H2;H /QKBM
iQ `2T`2b2Mi i?2 bmT2`fbm#@Q`/BMi2 `2HiBQMb KQM; CTM2b2 H2;H +QM+2TibX h?Bb rQ`F b2`p2b b 2zQ`i BM
CTM2b2 H2;H QMiQHQ;v H2`MBM; #v HM;m;2 T`Q+2bbBM; TT`Q+?- BM r?B+? i?2 bmT2`@Q`/BMi2 M/ bm#@
Q`/BMi2 `2HiBQMb KQM; H2;H +QM+2Tib `2 +QMbB/2`2/X 6B`bi- H2;H BM/B+2b i?i `2p2H i?2 KBM +QMi2Mib
Q7 H2;H /Q+mK2Mib `2 2ti`+i2/X a2+QM/- `2HiBQMb KQM; H2;H BM/B+2b `2 BM/B+i2/ #v /B`2+iBQMb M/
/2i2`KBM2/ #b2/ QM /B`2+iBQMH bBKBH`BivX h?2M- `2HiBQMb KQM;  b2i Q7 H2;H BM/B+2b bi`m+im`2  /B`2+i2/
;`T?X h?B`/- i?2 +v+H2b +mb2/ #v bvMQMvKb M/ mMM2+2bb`v `2HiBQMb BM i?2 /B`2+i2/ ;`T? `2 2HBKBMi2/X
6BMHHv- i?Bb /B`2+i2/ ;`T? Bb 2tTQ`i2/ b  i#H2 Q7 ?B2``+?B+H bi`m+im`2 Q7 H2;H BM/B+2bX h?Bb B/2 ?b
#22M 2tT2`BK2Mi2/ QM i?2 CTM2b2 LiBQMH S2MbBQM +i /Q+mK2Mi M/ i?2 ;2M2`i2/ ?B2``+?B+H bi`m+im`2
?b #22M 2pHmi2/ #b2/ QM M MMQiiBQMX q2 +?B2p2/ 9jX8W Q7 6@K2bm`2 b i?2 Qp2`HH T2`7Q`KM+2 Q7
i?2 T`QTQb2/ K2i?Q/X AM i?2 7mim`2- r2 THM iQ 2ti2M/ i?Bb rQ`F #v 2tTHQ`BM; i?2 b2KMiB+ `QH2 H#2Hb M/
HQ;B+H bi`m+im`2 Q7 H2;H /Q+mK2Mib QM i?2 BM/B+2b iQ /Bb+Qp2` i?2 `2HiBQMb?BTb KQM; H2;H BM/B+2bX
_272`2M+2b
RX oX _B+?`/ "2MDKBMb- SQKT2m *bMQpb- CQQbi "`2mF2` M/ H/Q :M;2KBX Gr M/ i?2 a2KMiB+ q2#- M AMi`Q/m+iBQMX
Gr M/ i?2 a2KMiB+ q2#X kyy8X TX R@RdX
kX 6`M+Bb "QM/- >BiQb?B Ab?`- aM2 6mDBi- EBvQiF l+?BKQiQ- hFvmFB Em`B#vb?B M/ EvQFQ EMxFBX 1M?M+BM;
i?2 CTM2b2 qQ`/L2iX S`Q+22/BM;b Q7 i?2 di? qQ`Fb?QT QM bBM GM;m;2 _2bQm`+2bX kyyNX TX R@3X
jX oB@bBi "QQM+?QK M/ LmMrM aQQMi?Q`MT?BbDX hP" H;Q`Bi?K, M miQKiB+ QMiQHQ;v +QMbi`m+iBQM 7Q` h?B H2;H
b2Mi2M+2b `2i`B2pHX CQm`MH Q7 AM7Q`KiBQM a+B2M+2c j3URVX kyRkX TX jd@8RX
9X Pb+` *Q`+?Q- J`BMQ 62`MM/2x@GƦT2x- bmM+BƦM :ƦK2x@Sû`2x M/ M;2H GƦT2x@*BKX "mBH/BM; G2;H PMiQHQ;B2b rBi?
J1h>PLhPGP:u M/ q2#P.1X Gr M/ i?2 a2KMiB+ q2#X kyy8X TX R9k@R8dX
8X *Qm`iM2v *Q`H2v M/ _/ JB?H+2X J2bm`BM; i?2 a2KMiB+ aBKBH`Biv Q7 h2tibX S`Q+22/BM;b Q7 i?2 *G qQ`Fb?QT QM
1KTB`B+H JQ/2HBM; Q7 a2KMiB+ 1[mBpH2M+2 M/ 1MiBHK2Mi U1Ja11 Ƕy8VX kyy8X TX Rj@R3X
eX h?QKb _X :`m#2`X  h`MbHiBQM TT`Q+? iQ SQ`i#H2 PMiQHQ;v aT2+B}+iBQMbX CQm`MH EMQrH2/;2 +[mBbBiBQM @ aT2+BH
Bbbm2, *m``2Mi Bbbm2b BM FMQrH2/;2 KQ/2HBM;c 8UkVX RNNjX TX RNN@kkyX
dX hFmv EivKX G2;H 2M;BM22`BM; @ M 2M;BM22`BM; TT`Q+? iQ Hrb BM 2@bQ+B2iv ;2X S`Q+22/BM;b Q7 i?2 Rbi AMi2`MiBQMH
qQ`Fb?QT QM Cl_AaALX kyydX TX R@RdX
3X hFm Em/Q M/ umDB JibmKQiQX CTM2b2 .2T2M/2M+v MHvbBb mbBM; *b+/2/ *?mMFBM;X *QLGG kyyk, S`Q+22/BM;b Q7
i?2 ei? *QM72`2M+2 QM Lim`H GM;m;2 G2`MBM; kyyk U*PGAL: kyyk SQbi@*QM72`2M+2 qQ`Fb?QTbVX kyykX TX ej@eNX
NX :mB`m/2 GK2X lbBM; LGS h2+?MB[m2b iQ A/2MiB7v G2;H PMiQHQ;v *QKTQM2Mib, *QM+2Tib M/ _2HiBQMbX Gr M/ i?2
a2KMiB+ q2#X kyy8X TX ReNĜR39X
RyX h?Q h?B L;Q+ G2- JBM? G2 L;mv2M M/ FB` a?BKxmX lMbmT2`pBb2/ E2vrQ`/ 1ti`+iBQM 7Q` CTM2b2 G2;H .Q+mK2MibX
S`Q+22/BM;b Q7 G2;H EMQrH2/;2 M/ AM7Q`KiBQM avbi2Kb, h?2 hr2Miv@aBti? MMmH *QM72`2M+2 UCl_As kyRjVX kyRjX TX
Nd@RyeX
RRX H2bbM/`Q G2M+B- aBKQM2ii JQMi2K;MB- oBiQ SB``2HHB M/ :BmHB o2Mim`BX LGS@#b2/ QMiQHQ;v H2`MBM; 7`QK H2;H i2tibX 
+b2 bim/vX S`Q+22/BM;b GPAhyd@AA qQ`Fb?QT QM G2;H PMiQHQ;B2b M/ `iB}+BH AMi2HHB;2M+2 h2+?MB[m2X kyydX TX RRjĜRkNX
RkX H2bbM/`Q G2M+B- aBKQM2ii JQMi2K;MB- oBiQ SB``2HHB M/ :BmHB o2Mim`BX PMiQHQ;v G2`MBM; 7`QK AiHBM G2;H h2tibX
S`Q+22/BM;b Q7 i?2 kyyN *QM72`2M+2 QM Gr- PMiQHQ;B2b M/ i?2 a2KMiB+ q2#, *?MM2HHBM; i?2 G2;H AM7Q`KiBQM 6HQQ/X
kyyNX TX d8@N9X
RjX .2FM; GBMX M AM7Q`KiBQM@h?2Q`2iB+ .2}MBiBQM Q7 aBKBH`BivX S`Q+22/BM;b Q7 i?2 6B7i22Mi? AMi2`MiBQMH *QM72`2M+2 QM
J+?BM2 G2`MBM;X RNN3X TX kNe@jy9X
R9X AK2M "QmxBx J2x;?MMB M/ 6B2x :`;Qm`BX G2`MBM; Q7 G2;H PMiQHQ;v amTTQ`iBM; i?2 lb2` Zm2`B2b aiBb7+iBQMX
S`Q+22/BM;b Q7 i?2 kyR9 A111fqA*f*J AMi2`MiBQMH CQBMi *QM72`2M+2b QM q2# AMi2HHB;2M+2 UqAV M/ AMi2HHB;2Mi ;2Mi
h2+?MQHQ;B2b UAhV @ oQHX yRX kyR9X TX 9R9@9R3X
R8X CQbû aBb M/ SmHQ Zm`2bKX  J2i?Q/QHQ;v iQ *`2i2 G2;H PMiQHQ;B2b BM  GQ;B+ S`Q;`KKBM; AM7Q`KiBQM _2i`B2pH
avbi2KX Gr M/ i?2 a2KMiB+ q2#X kyy8X TX R38@kyyX
ReX M/`2 oH2Mi2X hvT2b M/ _QH2b Q7 G2;H PMiQHQ;B2bX Gr M/ i?2 a2KMiB+ q2#X kyy8X TX e8@deX
RdX ai2T?M qHi2` M/ JM7`2/ SBMFHX miQKiB+ 1ti`+iBQM Q7 .2}MBiBQMb 7`QK :2`KM *Qm`i .2+BbBQMbX S`Q+22/BM;b Q7
i?2 qQ`Fb?QT QM AM7Q`KiBQM 1ti`+iBQM "2vQM/ h?2 .Q+mK2MiX kyyeX TX ky@k3X
R3X ai2T?M qHi2` M/ JM7`2/ SBMFHX .2}MBiBQMb BM *Qm`i .2+BbBQMb ĜmiQKiB+ 1ti`+iBQM M/ PMiQHQ;v +[mBbBiBQMX
S`Q+22/BM;b Q7 i?2 kyyN *QM72`2M+2 QM Gr- PMiQHQ;B2b M/ i?2 a2KMiB+ q2#, *?MM2HHBM; i?2 G2;H AM7Q`KiBQM 6HQQ/X
kyyNX TX N8@RRjX
RNX qBHbQM qQM;- q2B GBm M/ JQ?KK2/ "2MMKQmMX PMiQHQ;v G2`MBM; 7`QK h2ti,  GQQF "+F M/ BMiQ i?2 6mim`2X
*J *QKTmiBM; am`p2vb U*al_Vc 99U9VX kyRkX TX ky,R@ky,jeX
kyX w?B#BQ qm M/ J`i? SHK2`X o2`#b a2KMiB+b M/ G2tB+H a2H2+iBQMX S`Q+22/BM;b Q7 i?2 jkM/ MMmH J22iBM; QM
bbQ+BiBQM 7Q` *QKTmiiBQMH GBM;mBbiB+b U*G ǶN9VX RNN9X TX Rjj@Rj3X
